In the first studies on the modification of diene elastomers, chemical and mechanochemical ways of carrying out this process were considered. Investigations were conducted on natural rubber, and later studies looked at synthetic isoprene and butadiene rubbers [2] [3] [4] [5] [6] [7] [8] . The use of high temperature, of radical initiators, and of mechanical action enabled reactions of cyclisation, hydrogenation, and introduction of functional groups into the polymer chain to be carried out [9] . However, the high sensitivity to change in temperature and the radical nature of the process, which led to the occurrence of gelation reactions, hindered the wide introduction of the given method in the synthetic rubber industry. Another modification method was to use comonomers with functional groups [10] . However, there are significantly fewer studies along these lines because of the high sensitivity of stereospecific catalysts for polydiene synthesis to polar compounds. Optimum results were obtained by modifying the polydienes at the final stage of polymerisation -so-called "living chain" modification [11] [12] [13] [14] .
The main area of application of cis-1,4-polybutadiene is the tyre industry. This makes a number of demands of the given polymer: high stereoregularity and linearity of the polymer chains, a narrow molecular weight distribution, and the absence of oligomers and gel fraction. It is known that cis-1,4-polybutadiene with the given combination of properties can be obtained by using catalytic systems based on rare-earth elements, in particular neodymium. Rubber compounds based on "neodymium" butadiene rubbers possess high dynamic properties and low hysteresis losses [15] . However, as shown by industrial practice, the production of cis-1,4-polybutadiene with a narrow molecular weight distribution is accompanied with a sharp increase in cold flow of the polymer, which leads to considerable difficulties in its production and storage [16] . The solution of this problem gave rise to a new wave of studies on the modification of stereoregular butadiene rubbers. In the case of using neodymium catalytic systems, it is possible to employ practically all methods of modification: chemical and mechanochemical modification [17] [18] [19] , polymerisation in the presence of functionalised comonomers [20] , and also "living chain" modification [21] [22] [23] [24] . The latter method, in the opinion of most researchers, is of most current interest.
In the present work a study was made of the behaviour of the plastoelastic and molecular weight characteristics of neodymium polybutadiene in the process of its modification with a copolymer of maleic anhydride and a-olefin C 12 -C 14 fraction.
The catalyst used for the polymerisation of the butadiene was a complex obtained as a result of the interaction of hydrocarbon solutions of neodymium neodecanoate, diisobutylaluminium hydride, hexachlorop-xylene, and methylalumoxane [26] . Polybutadiene was synthesised in a metal reactor equipped with a stirrer, a jacket for maintaining constant temperature, and devices for introducing the solution of monomer, catalyst, and modifier, and for sampling the polymerisate. The solvent used was hexane, and the initial concentration of monomer and catalyst (in terms of neodymium) in the reaction medium amounted to 1.4 and 1.4 x 10 -4 mol/L respectively. The modifier used was a copolymer of maleic anhydride and a-olefin C 12 -C 14 fraction, which is produced industrially under the trade name "Pavolan" according to the TU 2211-069-54861661-2010 specification. A solution of the modifier in toluene was introduced after a butadiene conversion of over 80% had been reached. The catalyst was deactivated with ethanol and stabilised with antioxidant Novantox 8 PFDA. The obtained polymer was isolated and dried to constant weight.
The molecular parameters of the polybutadiene were determined by gel permeation chromatography. Analyses were conducted on an Alliance GPCV-2000 liquid chromatograph (Waters) equipped with refractometric and viscometric detectors and a set of four Waters styrogel columns with a pore size of 500 Å (NT-2), 10 3 Å (NT-3), 10 4 Å (NT-4), and 10 6 Å (NT-6). The instrument was calibrated to polystyrene standards (Waters) having a narrow distribution (M w /M n = 1.1) and covering the entire region of molecular weights measurable on the given set of columns. The eluent was toluene, the elution rate was 1 mL/min, and the temperature was 30°C. The cold flow and Mooney viscosity of the polymers were determined according to the GOST 19920.18-74 and GOST 10722-76 standards respectively.
The introduction of modifier (MD) into the reaction medium leads to an increase in the Mooney viscosity of the polybutadiene obtained. The dependence of the change in viscosity on the amount of MD introduced has the form of an S-shaped curve (Figure 1) . The modification effect begins to appear at a molar ratio of the MD (in terms
range reaches 10 units. Further increase in the MD content in the reaction medium does not result in any significant increase in viscosity.
The cold flow (CF) of synthesised specimens of polymer, on the other hand, decreases with increase in the MD concentration, and the dependence of CF on the MD:Nd molar ratio has the form of a falling curve with saturation ( Figure 1) . Similarly to the Mooney viscosity, the most significant change in CF and its plateauing out are observed in the range of MD:Nd ratios of 0.2-1.0.
With the aim of explaining the observed behaviour of the plastoelastic characteristics of polybutadiene when it is modified, and of assessing certain kinetic parameters of the process, the number-average (M n ) and weight-average (M w ) molecular weights of specimens of polymer obtained at different stages of the process were determined with increase in the MD:Nd molar ratio from 0.2 to 3.35 (Figures 2 and 3) . At the initial stage of modification, intense increase in the average molecular weight values occurs. At 30-60 s after introduction of the MD, in all cases examined there is a reduction in the dynamics of increase in M w and M n , with subsequent plateauing out of the time dependences. Increase in the modification time to over 60 s, irrespective of the MD content, is accompanied with barely any change in the molecular parameters of the polymer. At the same time, the MD:Nd molar ratio determines the level both of the numberaverage molecular weight and of the weight-average molecular weight of the modified polybutadiene. In the studied range of MD concentrations, the increase in M w ranged from 10 x 10 3 to 70 x 10 3
, and the increase in M n from 2.5 x 10 3 to 15 x 10 3 . The observed change in the average molecular weight values as a function of the modification conditions leads to a negligible increase in the level of polydispersity both during the process and with increase in the MD content in the reaction medium.
It is evident that constancy of the values of viscosity and cold flow in the MD:Nd molar ratio range of 1.0 or more is due to stabilisation of the level of molecular weights, primarily M n . In accordance with literature data [27, 28] , taking into account the composition of the catalytic system used and the mechanism of the polymerisation process [29] , the reactions leading to increase in the level of the average molecular weights on modification can be presented in the following way:
That is, for complete recovery of the carbonyl groups of the MD, a threefold excess of compounds containing an active Me-C or Me-H bond (where Me = Nd, Al) is necessary. At the same time, the constant average molecular weight values at a certain MD concentration indicates that the total content of reactive molecules does not exceed 4.2 x 10 -4 mol/L, which corresponds to a threefold excess concentration of MD at an MD:Nd ratio of 1.0. Taking into account the fact that a modification effect is observed at an MD concentration of ≈0.14
-4 mol/L, and the total content of organometallic compounds in the reaction medium amounts to at least 35 x 10 -4 mol/L, it can be concluded that reactive macromolecules primarily interact with carbonyl groups of the MD. Earlier we showed that the content of active polymerisation centres in relation to the neodymium introduced (Nd*) in the catalytic system used amounts to 50-60% [29] . On this basis it can be assumed that the content of macromolecules of the ~AlR 2 type at the final stage of polymerisation amounts to no more than 3.5 x 10 -4 mol/L.
The considerable increase in molecular weights in the region close to equimolar MD:Nd* ratios and the dynamics of this process with increase in the MD concentration in the system make it possible to assume that the initial modification rate is proportional to the change in the molecular weights and to the amount of MD introduced. Figure 4 presents the dependences of the rates of change in the number-average and weightaverage molecular weights at the initial (up to 30 s) stage of modification on the MD:Nd molar ratio. It can be seen that, in the range of MD:Nd molar ratios of 0.1-1.0, both for M w and for M n , practically linear dependences are observed. This confirms our assumption that the MD primarily interacts with "living" macromolecules and gives grounds for concluding that modification in the studied conditions is a first-order process with respect to the MD. Subsequent increase in the MD concentration is accompanied with deviation of the curves from a linear slope, which in all likelihood is due to the disappearance of reactive macromolecules.
Thus, in this work it has been shown that increase in the Mooney viscosity and reduction in the cold flow of polybutadiene when a copolymer of maleic anhydride and a-olefin C 12 -C 14 fraction is introduced into the reaction mass at the final stage of the polymerisation process is due to increase in the average molecular weight values of the polymer and to the formation of branched, functionalised macromolecules. The MD content determines the level of average molecular weights of the polymer formed, with barely any effect on the duration of the modification process. It is assumed that "living" macromolecules are most reactive in relation to the MD, and modification itself is a first-order process with respect to the MD.
